Background: Cytokines produced in mesenteric lymph nodes of cirrhotic rats with bacterial translocation may participate in circulatory alterations of cirrhosis. Aim: To investigate whether cirrhotic patients present an increased local generation of cytokines in mesenteric lymph nodes. Methods: Mesenteric lymph nodes from 26 cirrhotic and 10 control patients were assessed for tumour necrosis factor α (TNF) and interleukin 6 mRNA and protein expression by competitive reverse transcription-polymerase chain reaction, and by enzyme immunoassay and immunohistochemistry, respectively. Results: Interleukin 6 levels were not different between cirrhotics and controls. Protein and mRNA TNF levels in mesenteric lymph nodes from cirrhotics were higher than in controls (p<0.05). Tissue expression of TNF by immunohistochemistry was more abundant in cirrhotics. Ascitic patients showed higher TNF levels (47 (34-54) pg/mg protein) than patients without ascites (18 (17-25) pg/mg protein) (p<0.001). Elevated TNF levels (>28 pg/mg protein) in cirrhotics were associated with a higher ChildPugh score, the antecedent of ascites, a lower prothrombin rate, and higher bilirubin and blood TNF levels. The strongest association, confirmed by multivariate analysis, was with the presence of ascites (p<0.001). Bacterial infections after transplantation, mainly by enteric bacteria, were only detected in patients with high TNF levels in mesenteric lymph nodes (33% of patients; p=0.05). Conclusion: Patients with advanced liver cirrhosis, and especially with ascites, have increased local production of TNF in mesenteric lymph nodes that, in common with experimental cirrhosis, may also be induced by bacterial translocation.
S
planchnic arterial vasodilation seems to be a major contributor to the pathogenesis of the hyperdynamic circulatory syndrome in liver cirrhosis. 1 2 These haemodynamic alterations tend to worsen in parallel with deterioration of liver function, the hepatorenal syndrome being the final event of this process. Among many mediators, nitric oxide (NO) and tumour necrosis factor α (TNF) have both been implicated in the pathogenesis of these circulatory alterations. [3] [4] [5] An initial hypothesis suggested that bacterial products would activate cytokine synthesis (TNF and others) and account for haemodynamic changes in advanced cirrhosis by stimulating expression of inducible NO synthase (iNOS). 6 However, many reports indicate that iNOS activation is minimal in cirrhosis and, in contrast, the endothelial form of NOS (eNOS) has been consistently found to be upregulated both in animal models and humans with liver cirrhosis. 5 TNF is a cytokine that it is mainly released by mononuclear cells in response to inflammatory stimuli. 7 The gut and its associated lymphoid tissue, including the mesenteric lymph nodes (MLN), has been shown to produce TNF in response to bacterial translocation induced by intestinal injury caused by zymosan or shock injury. 8 9 More recently, increased TNF production by MLN with bacterial translocation was detected in cirrhotic rats. 10 This locally produced TNF may contribute to splanchnic vasodilation by enhancing eNOS derived NO release. Interleukin 6 (IL-6), another proinflammatory cytokine, is also involved in the pathogenesis of the circulatory alterations of liver cirrhosis. 11 12 We designed this study to determine whether patients with liver cirrhosis also show increased local production of cytokines in MLN and to investigate the clinical and haemodynamic implications of this phenomenon.
PATIENTS AND METHODS

Study population
Twenty six patients with liver cirrhosis (mean age 54 (11) years; 57% males) undergoing liver transplantation were included in the study. The aetiology of cirrhosis was related to hepatitis C virus infection in 11 patients, alcohol consumption in seven, alcoholism and viral infection in five, and other aetiologies in three patients. Hepatocellular carcinoma was present in six patients (23%). Thirteen patients had ascites and three had renal failure at the time of transplantation. Oesophageal varices were detected by endoscopy in 20 patients (77%). Twelve patients were receiving β-blocker therapy for prophylaxis of variceal bleeding and nine were taking norfloxacin for selective intestinal decontamination. Apart from norfloxacin intake, no antibiotics were administered to patients for at least one month prior to surgery. At the time of surgery, six patients were classified as Child-Pugh class A, 10 as class B, and 10 as class C.
Immediately before surgery, prophylactic antibiotics (ampicillin and cefotaxime) were administered to all patients. Haemodynamic data were obtained during phase I of liver transplantation before surgical incision and after induction of anaesthesia with a combination of propofol, fentanyl citrate, and atracurium. Specific measurements of right heart pressures were performed through a Swan-Ganz catheter.
Cardiac output was determined by thermodilution and arterial pressure by arterial catheter measurements. Portal venous pressure was measured with a catheter placed in the portal vein through a branch of the superior mesenteric vein. Portal blood flow was determined by laser Doppler flowmetry.
Ten patients without cirrhosis were included in the control group (mean age 50 (10) years; 50% males). Three of these controls were organ donors who had not been receiving antibiotics or vasoactive drugs during their stay in the intensive care unit prior to organ donation. Causes of death for these three patients were head trauma, haemorrhagic stroke, and asthmatic status. The other seven controls underwent laparotomy for different non-malignant and non-infectious conditions (two ovarian cysts, one colonic adenoma, and four hepatectomies for benign tumours and conditions). Prophylactic antibiotics were administered to these patients immediately before surgery. This protocol was approved by the ethics committee of our hospital and written informed consent was obtained from all patients and controls before surgery.
Lymph node sampling
Following laparotomy and before initiating the surgical procedure, a MLN from the terminal ileal mesenteric area was obtained (30 (10) minutes after laparotomy) and divided into several fragments. One was fixed in formalin and taken to the pathology laboratory for further processing. If the pathological examination did not demonstrate a typical lymph node morphology, the patient was excluded from the study. In fact, that was the case in four cirrhotic patients not included in the study. The other pieces obtained were immediately frozen in liquid nitrogen and kept at −80º C. In addition, in 13 cirrhotic patients, once the hepatic hilium was dissected, another lymph node from this area was obtained and processed as described.
Enzyme immunoassays (EIA)
Lymph node fragments were mechanically homogenised in buffer (10 µl per 1 mg of tissue) at 1000 rpm for 10 minutes at 4°C. The buffer was Tris HCl 100 mmol/l, pH 7.45, containing EDTA 2 mmol/l, phenylmethylsulphonyl fluoride 1 mmol/l, and sucrose 150 mmol/l. Homogenates were centrifuged at 10000 rpm for 10 minutes at 4°C and the supernatants kept at −80°C until TNF and IL-6 levels were measured by EIA tests with standards calibrated against WHO international standards (Roche Diagnostics, Germany). TNF and IL-6 concentrations were normalised to the homogenate protein content, measured by the benzethonium chloride method, to correct for differences among extraction yields. Plasma samples obtained at the same time of transplantation were also assessed for TNF levels by EIA.
Reverse transcription-polymerase chain reaction For total RNA extraction, tissue samples were homogenised in phenol and guanidine isothiocyanate. Aqueous and organic phases were separated by adding chloroform, and RNA was precipitated from the aqueous phase with isopropyl alcohol. This procedure was repeated twice to avoid DNA contamination in the isolated RNA preparation. The final pellet was washed three times with 75% ethanol and RNA was dissolved in 100 µl of RNase free water. Total RNA was quantified spectrophotometrically, and an absorbance ratio (260/280 nm) higher than 1.7 was accepted as good quality RNA preparation. mRNA was isolated from total RNA using biotin labelled oligo (dT) and streptavidin magnetic particles (mRNA isolation kit for tissue; Boehringer Mannheim, Germany). cDNA was synthesised from mRNA with a primer poly (dT) 15 16 µmol/l. Retrotranscription was initiated by adding RNase inhibitor 1.36 kU/ml, dNTP (1 mmol/l each), 2.5 U/ml of AMV reverse transcriptase, and reverse transcriptase buffer. All concentrations are final concentrations in the reaction mixture which was incubated for one hour at 42°C and then at 95°C for two minutes.
The CytoXpress TNF-α and IL-6 kits (Biosource International, California, USA) were used for competitive polymerase chain reaction (PCR) amplification and quantitation of cytokine mRNA. In this procedure, an internal calibration standard (ICS), with primer binding sites identical to the cytokine cDNA, is coamplified with the target DNA. Primers, one of which is biotinylated, are incorporated during PCR into both the ICS and cytokine cDNA. Following PCR, amplicons are denatured and hybridised to either ICS or cytokine sequence specific capture oligonucleotides prebound to microtitre wells. PCR was carried out in a 50 µl mixture containing dNTPs (200 µmol/l each), primer pairs (500 nmol/l), MgCl 2 buffer (Mg 2+ 1.5 mmol/l), a mix of Taq DNA and Pwo DNA polymerases (26.25 U/ml) (Expand High Fidelity PCR System; Roche, Germany), ICS (20 copies/µl), and 2.5 µl of the target cDNA. Target cDNA was amplified at various dilutions to assure effective competition with the ICS. Thermal cycler conditions were as follows: an initial denaturing step at 95°C for 2.5 minutes, and 30 cycles of denaturation (95°C, one minute), annealing (55°C, one minute), and extension (72°C, group.bmj.com on April 2, 2017 -Published by http://gut.bmj.com/ Downloaded from one minute), with a final extension step at 72°C for 10 minutes. To check the integrity of RNA extraction and cDNA synthesis, the ubiquitous enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was amplified with primer pairs supplied in the kit under the above mentioned conditions. ICS, cytokine cDNA, and GAPDH amplicons, with sizes of 382, 432, and 382 bp, respectively, were visually analysed in a 1.5% agarose gel stained with ethidium bromide (fig 1) . Cytokine cDNA dilution with a band intensity visibly equivalent to ICS was used for posterior quantitation in the microtitre plate. For microplate quantitation, the instructions of the kit were followed. In short, absorbance values obtained from adding streptavidin-horseradish peroxidase to the microtitre wells containing the captured ICS and cytokine cDNA were used to calculate the final number of cytokine cDNA copies. Finally, the number of cDNA cytokine copies was normalised to the amount of total RNA extracted, to correct for differences among extraction yields.
Immunohistochemistry MLN samples from selected cirrhotic patients with high TNF levels (n=4) and controls with low TNF levels (n=3) were analysed for TNF tissue expression. Specimens fixed in 10% buffered neutral formalin were dehydrated and paraffin embedded under vacuum. Immunostaining was performed using 4 µm tissue sections placed on positively charged glass slides. After deparaffinisation in xylene and degraded alcohols, target retrieval for TNF was performed in 10 mM citrate buffer solution, ph 6, for three minutes in a pressure cooker. Following epitope retrieval, endogenous peroxidase was blocked by immersing the sections in 0.03% hydrogen peroxide for five minutes. Incubations with primary polyclonal antibody against human TNF (R&D Systems Inc, Minneapolis, Minnesota, USA) was performed at room temperature for two hours (1/50 dilution). Immunodetection of antigen was carried out with biotinylated antigoat immunoglobulin for 20 minutes at room temperature, and then with horseradish peroxidase labelled streptavidin complexes for 20 minutes at room temperature (Super Sensitive Immunodetection System; BioGenex, San Ramon, California, USA). Sections were visualised with 3,3′-diaminobenzidine as a chromogen for five minutes and counterstained with Mayer's haematoxylin. Sections from lymph node biopsies were incubated with negative control polyclonal immunoglobulin instead of primary antibody and used as negative controls. To score a mononuclear cell as positive, cytoplasmic staining with a partial membrane pattern was required. The intensity of staining was scored from 0 to 3 to evaluate the degree of expression of TNF.
To identify which lymph node cells were implicated in TNF production, a double immunostaining was performed. In this case, TNF was visualised using a different chromogen (DAB chromogen; Chemicon, Tenecula, California, USA) that gives a yellowish staining. A monoclonal anti-CD68 at 1/100 dilution (Clone KP1; Dako Corporation, Carpinteria, Califonia, USA) was used to identify macrophages in the lymph nodes. The secondary antibody was a rabbit antimouse antibody (EnVision; Dako), and the Vulcan Fast Red (Biocare Medical, Walnut Creek, Califonia, USA) was used as a chromogen giving a membrane reddish staining.
Statistics
Results are expressed as median (25th-75th percentiles). Frequency data were compared using the χ 2 test or Fischer's exact test when necessary. The Mann-Whitney U test was used for comparison of quantitative data between groups. Data in the figures are represented as box and whisker plots. The extremities of the diagram indicate 10th to 90th percentiles and the ends of the box the lower and the upper quartiles. When patients with low and high MLN TNF levels (using the median TNF values as the cut off point) were compared, data were expressed as mean (SD) as a normal distribution was observed, and parametric tests were used for comparison purposes (Student t test). Multivariate analysis by multiple linear regression was performed to identify independent variables associated with high MLN TNF levels. Variables were entered when they achieved p<0.05 on univariate analysis. A p value of <0.05 was required for statistical significance.
RESULTS
IL-6 mRNA levels in MLN from cirrhotic patients (5.1 (1.8-9.8) copies/ng RNA) were not different from control patients (2.8 (1-6) copies/ng RNA) (p=0.6). Also, IL-6 values by EIA were similar between controls (2.6 (1.3-4) pg/mg protein) and patients with liver cirrhosis (3.4 (2.1-4.5) pg/mg protein) (p=0.09). In contrast, as shown in fig 2, both TNF mRNA and TNF levels were significantly higher in cirrhotic patients compared with controls. MLN TNF levels significantly correlated with blood TNF levels (r=0.56, p=0.002). According to these results, tissue TNF expression was high in all cirrhotic patients examined (score 3 in >50% of mononuclear cells) while it was very low in controls (score 0-1 in <10% of cells) (fig 3) . Double immunostaining demonstrated that macrophages were the main cells responsible for this TNF production. In the 13 cirrhotic patients in which MLN and hepatic LN were simultaneously obtained, TNF levels were significantly higher in MLN (35 (19-49) pg/mg protein) compared with levels found in hepatic LN (13 (10-16) pg/mg protein) (p=0.001).
Among the different clinical, biochemical, and haemodynamic variables analysed, we observed that TNF values in MLN from cirrhotic patients who presented with ascites at the time of surgery were much more elevated than TNF values found in MLN from cirrhotics without ascites (fig 4) . In fact, cirrhotic patients without ascites were not different from control patients with respect to TNF levels. In contrast, cirrhotic patients classified according to Child-Pugh status did not show statistically different levels of TNF in MLN (data not shown). Also, patients with cirrhosis who were receiving β-blocker or norfloxacin therapy had similar MLN TNF levels compared with patients who were not taking such medications (data not shown).
To further explore the significance of increased MLN TNF production in cirrhotic patients, we divided patients into two groups of low and high MLN TNF levels using 28 pg/mg protein (median value) as the cut off point (table 1) . As shown, elevated MLN TNF levels were associated with a higher ChildPugh score, the antecedent of ascites, a lower prothrombin ratio, higher bilirubin values and plasma TNF levels, and increased synthesis of TNF mRNA. Although not statistically different, patients with high MLN TNF values had a tendency to show more haemodynamic disturbances (higher cardiac index and portal pressure). The strongest association was with the presence of ascites at the time of transplantation; this was confirmed in the multivariate analysis as ascites was the only independent predictive factor for elevated MLN TNF levels (table 1) . In addition, bacterial infections during the first month postransplant were only detected in the group of patients with high MLN TNF levels (table 1). These five infections corresponded to one urinary tract infection (E faecalis), one episode of sepsis (C freundi), one bacterial pneumonia, and two wound infections (S aureus, E faecalis).
DISCUSSION
This study clearly demonstrated that there was increased TNF production in the MLN of patients with liver cirrhosis. This augmented TNF production appeared to be specific for MLN rather than a general phenomenon of LN from cirrhotic patients, as indicated by low TNF levels in hepatic LN. Our observations are in accordance with experimental data in which a significant elevation in local TNF concentrations was observed in cirrhotic rats with ascites. 10 The reason for this augmented TNF production in the MLN of cirrhotic patients could be bacterial translocation from the intestinal lumen to the MLN. Bacterial antigens and endotoxins are potent stimulators of TNF release by mononuclear cells. 7 This relationship between TNF production and bacterial translocation was supported in our study by the observed association of high TNF levels in MLN from patients with advanced liver failure and more importantly with the presence of ascites, as both factors seem to correlate with bacterial translocation in the only study performed in human cirrhosis. 13 It is also known that ascites in the context of portal hypertension may contribute in altering intestinal permeability and therefore facilitating bacterial crossing of the intestinal wall.
14 Additional data from experimental studies also support this. Cirrhotic rats need to develop ascites in order to present efficient bacterial translocation, 15 and when bacteria translocate in MLN, local TNF production is substantially increased. 10 The increased incidence of bacterial infections in the postransplant period in our transplanted patients Table 1 Clinical, haemodynamic, and biochemical differences between cirrhotic patients with low and high tumour necrosis factor α (TNF) levels in mesenteric lymph nodes Low TNF levels (<28 pg/mg) (n=11) High TNF levels (>28 pg/mg) (n=15) with high MLN TNF levels may also be interpreted as favouring augmented bacterial translocation in these patients. As the postulated mechanism for bacterial infections in cirrhotics, namely spontaneous bacterial peritonitis, is bacterial translocation followed by secondary bacteraemia and local infection, 16 one is tempted to speculate that the same scheme could be applied to our transplanted patients with bacterial infections. In that case, high MLN TNF production would be a surrogate marker of bacterial translocation. The fact that three of the four bacteria isolated in these postransplant infections were of enteric origin would also support this hypothesis.
What are the consequences of this increased TNF production in the MLN? TNF has been implicated in the typical haemodynamic alterations of liver cirrhosis. Blood TNF levels have been found to be elevated in cirrhotic patients and in animal models of cirrhosis. 11 17 Inhibition of TNF production by different approaches in rats with portal hypertension is accompanied by amelioration of the hyperdynamic syndrome and even a decrease in portal pressure. [18] [19] [20] One of the hypotheses explaining the mechanism of action of TNF is a contribution to splanchnic vasodilatation through NO synthesis stimulation. TNF produced in MLN would have a local effect in splanchnic vessels by stimulating generation of NO via eNOS, through upregulation of the synthesis of tetrahydrobiopterin, a cofactor and enhancer of NOS activity. 10 An alternative pathway for TNF causing increased NO synthesis is stimulation of eNOS phosphorylation (required for its activation) via the PI 3-kinase-Akt signal transduction pathway. 21 22 This mechanism has been shown to operate in portal hypertensive gastric mucosa. It is not known whether these mechanisms demonstrated in animal models also occur in human cirrhosis. However, increased eNOS activity in splanchnic vessels and elevated NO levels in portal blood have been demonstrated in patients with liver cirrhosis. 23 24 Our results also suggest that increased MLN TNF production in cirrhotic patients is associated with more haemodynamic alterations. Ascites, an indicator of haemodynamic disturbance, was more frequent in patients with high MLN TNF levels. In addition, patients with elevated MLN TNF levels showed a clear trend towards more altered haemodynamic parameters (cardiac index, systemic vascular resistance, and portal pressure) in comparison with patients with low MLN TNF levels. The limited size of the sample studied probably explains this lack of significance. The observed correlation between TNF levels in MLN and plasma also suggests that this locally produced TNF contributes in part to total circulating TNF.
Another aspect that merits an additional comment is the apparent lack of effect of therapy with β-blockers or nofloxacin on MLN TNF levels. This may be explained in part by the relatively low number of patients included in the study. β-Blockers have been reported to reduce bacterial translocation in experimental cirrhosis by slowing intestinal transit. 25 It is not known whether it occurs in human cirrhosis. From a theoretical point of view, this effect would decrease local TNF production. On the other hand, the use of selective intestinal decontamination with norfloxacin has been clearly associated with a decrease in bacterial infections in cirrhotic patients. 26 27 In patients treated with norfloxacin, Gram negative bacteria in the faecal flora are markedly reduced. 26 In addition, in cirrhotic animals, quinolone administration for a short period of time is associated with less Gram negative bacteria in intestinal flora, decreased bacterial translocation, and a low incidence of spontaneous bacterial peritonitis. 28 We would expect to find lower levels of TNF production in the MLN of cirrhotic patients on norfloxacin prophylaxis. However, it is not less true that quinolone resistant Gram negative bacteria are increasingly found in the stools of cirrhotic patients treated with norfloxacin and bacterial infections in these patients are currently caused by either Gram positive bacteria or quinolone resistant Gram negative bacteria. [29] [30] [31] Moreover, it is not clear whether therapeutic interventions in animal models are always applicable to human cirrhosis. Cirrhotic patients are usually treated with β-blockers and norfloxacin for long periods of time, while studies in animal models are performed after a short exposure to therapy. The influence of these therapeutic interventions may not be the same in these different situations. We believe that patients with advanced cirrhosis on long term prophylaxis with norfloxacin continue to have bacterial translocation, probably by bacteria resistant to this therapy.
Demonstrating that in advanced human cirrhosis there is bacterial translocation, responsible for increased MLN TNF production causing augmented splanchnic vascular NO release, should have been the final objective of this work. However, we looked at just one piece of the puzzle. Obtaining different human tissues simultaneously is not an easy task. In addition, bacterial translocation is a difficult event to prove: MLN are not easily obtained, bacterial contamination during processing is common, and surgical antibiotic prophylaxis is an unavoidable inconvenience. In our case, antibiotic prophylaxis prior to surgery proved to be an insurmountable problem to efficiently culture MLN. However, we feel that our data suggest that, in common with experimental cirrhosis, in patients with advanced liver cirrhosis, bacterial translocation may also induce local TNF production in MLN.
